ABSTRACT:-
INTRODUCTION
In order to obtain useful information on the efficiency of crushing and milling operations, routine sampling of the various streams of crushing and milling circuits is an important exercise to optimise use of energy. Sampling is the removal of an appropriate amount of a material from the bulk for testing to get information on the various properties of the bulk material. The samples should be drawn in such a way that the proportion and distribution of the quantity to be tested is the same, in both the lot and the sample. It is, therefore, desired that appropriate samplers and sampling techniques are used for different process streams.
It is important that any sample must be representative of the lot. It is therefore necessary to establish the relationship between the minimum weight of the sample required and the maximum particle size of the sample, so as to ensure that any sample taken is representative of the lot.
Since most of the decisions made on a metallurgical plant, such as process flowsheet developments, methods of improving recoveries and grades and reducing losses etc are based on the results obtained from sampling, it is imperative that the reliability of the samples and the methods used in obtaining them are carefully controlled and quantified.
SAMPLING THEORY
Sampling is a statistical technique based on the theory of probability. It should minimise the errors arising from various variables, such as surging, segregation of the sizes in ore bins, etc 1 .
Gy's formula may be used to determine the minimum weight of the sample that is as representative as the lot. In it's simplest form, it is given as 3 : M S is the mass of the sample in grams that is supposed to be drawn from the Lot. M L is the mass of the Lot from which the sample is drawn, measured in grams. m is the mineralogical composition factor and is given as;
( ) (2) where: a is the decimal proportion of the mineral.
ρ m is the specific gravity of the valuable mineral.
ρ g is the specific gravity of the gangue mineral.
If the portion of the mineral is less than 0.05, it is sufficient to take
f is the shape factor. It is taken as an index varying from zero to one and in practice, it has values between 0.2 and 0.5. For most ores, f is a constant and equal to 0.5. If the mineral particles are flat, flaky or elongated, f is set equal to 0.2 and is a dimensionless factor. g is the size range factor. This is the ratio of the sieve aperture (d ) which retains 5% oversize material, to the sieve aperture which passes 5% undersize material (d'). g is usually taken to be 0.25 and is also a dimensionless factor. l is the liberation factor. It varies from zero (all particles have the same mineral content and are perfectly homogeneous) to unit (total liberation -particles are either mineral or gangue). Intermediate values of l are given in table 1 l can also easily be obtained by using the formula;
d is the maximum particle size in the Lot to be sampled. In practice it is taken as the size of the sieve aperture which retains 5% oversize material, and is measured in centimetres.
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EXPERIMENTAL PROCEDURE
A survey was conducted on the Nkana concentrator Copper/Cobalt milling circuit, shown below in figure 1 , in order to come up with the suitable shapes of the samplers to be designed and, the appropriate techniques to be used in extracting the representative samples from the various milling circuit streams.
Before sampling process could be started, it was ensured that the milling circuit was stabilised by allowing it run for a period of atleast three hours in which, the solids feedrate to the primary mill (Rod mill), read on the bench meter, and the surface level of the bath in the sump box were constantly observed. The pulp densities of the streams were also measured at an interval of 15 minutes within the same Once successfully taken, the sample was poured in a smooth motion into a clean bucket immediately after sampling in order to minimise the settling out of particles in the sampler. The material left in the cutter after decanting was scraped out into the bucket. To minimise the error introduced by the film of particles inevitably left on the surface of the sampler, the sampler was rinsed under the stream and shaken out directly prior to taking the sample. This was done to ensure that the sampler maintained similar coating prior to and after sampling.
Composite Sample
During the sampling exercise, samples were drawn from RMD, CUF, COF and BMD at an interval of 10 minutes over a period of one hour. The 6 samples obtained from each stream during the sampling test were poured into the same clean labelled sample bucket to form composite samples. The buckets were then covered with tight lids to avoid evaporation.
Ore Feedrate
The ore feedrate to the primary mill was kept constant through out the testwork. The speed of the belt was measured by timing a marked point over a fixed belt length (10.84 m) for 6 times and the average was taken.
Directly after the sampling of the streams, the belt feeding the material to the primary mill was stopped and a sample was cut over a fixed length of 1meter from the belt. This was the only length of the belt which was accessible. The feed sample weight was measured and recorded immediately after collection, then dried and reweighed. The difference in weights was taken as the weight of the moisture in fresh feed. By carrying out a belt cut, the solids feedrate and the water content in the fresh feed to the primary mill were determined to be used later in the JKSimMet software to carry out a mass of the entire circuit.
Water Addition
Water was first introduced into the Primary mill together with the fresh feed from the Storage bins and in the sump box at the discharge point to dilute the pulp. The flow of water was measured using the flowmeter. The bucket and stopwatch method was tried, but due to high flowrates, it could not work.
Once the stabilised flowrates of water were measured, the valve openings were left untouched.
Sample preparation
The total individual composite samples were weighed wet while still in the collection bucket, then pressure filtered, using tarred filter paper before being placed on a pan and oven for drying over night at a temperature of about 55°C. The dried samples were then re-weighed and the percent solids calculated. Care was taken to ensure that no portion of the dried samples were lost as this could have resulted in obtaining wrong values for percent solids.
Particle size distribution of samples
Particle size distribution of the samples was done using a comprehensive set of screens right down to 38µm. The samples were prepared in a consistent manner, and all screening done under standard and unvarying conditions to ensure self-consistency and reproducibility of the results.
The dried Rod Mill Feed Sample was screened starting with a 34600µm screen, while the other samples ( i.e RMD, CUF, COF and BMD) were done with a 3350µm screen down to 1200µm. The 1200µm undersize was homogenised and riffled to produce a sub-sample of about 250g which was weighed and then wet screened on a 45µm screen. The undersize material of wet screening was collected, dried and stored temporarily in sample bags. The oversize material was dried, weighed and screened on a stack of sieves mounted on a rotap sieve shaker with a sieving time of 20 minutes. The minus 45µm material was combined with the one from wet screening and the total weight recorded.
Designing of Sample Cutters
In the designing of samplers( sample cutter), the largest particle size, slurry flowrate, the width of the stream and the time taken to cut the sample for each stream were considered.
Using the already designed samplers found on the plant, samples were drawn from the circuit streams at an interval of 10 minutes for a period of one hour. This constituted a set. The six samples from each stream were composited and then dried and their dry weights recorded. Five sets were collected. The results obtained from the sieve analysis of these samples were then used in the determination of the width of the opening .
The width of the sampler mouth was taken to be eight times the size of the largest particle in all the stream except for the hydrocyclone overflow in which it was taken to be P. CHIBWE thirty times so as to conform with the recommended minimum width of the sampler mouth of 9mm.
The length of the opening of the sampler mouth was obtained by measuring the cross section of each stream in the milling circuit. It was taken to be larger than the measured cross section of each stream so that the stream can be accommodated sufficiently without any part of it to remain unsampled. The calculated volume of the sampler was made sufficiently to hold the full sample without any overflow occurring. It was computed to be 50% greater than that of the sample to be collected. The designed samplers were attached to handles to allow easy access to the streams.
Testing of Designed Samplers
After the samplers were successfully designed, they were then tested for drawing representative samples from the milling circuit streams using appropriate sampling techniques, sample preparations and sizing procedure as explained above.
The main objective of testing was to see whether the designed samplers were capable of drawing representative samples that could conform with the calculated parameters( i.e weight of the sample and the volume of the sample in the sampler).
RESULTS AND DISCUSSION
Estimation of Sample Weight to be drawn from the bulk The results obtained by using the samplers found on the plant for the determination of the largest particle size for each stream in the circuit are presented in figure 2 .
The average values of d as obtained from the graphs were as follows: The mineralogical data for Nkana mine Concentrator Composite copper/cobalt ore at the time of the testwork was as given below in Table 1 , below. Mineralogical composition factor is given as: where N is the total number of Minerals containing the value of interest (copper in this case). (ii) when considering cobalt The minimum sample weights obtained when considering copper are larger than the ones obtained when considering cobalt. Therefore, the weights obtained when considering copper are recommended, because they are large enough to accommodate those for cobalt.
If the weight of a drawn sample is less than the calculated, then it may not be representative. And if it is too large compared to calculated one, it brings about difficulties in sample handling which introduces other sampling errors.
DESIGNING OF SAMPLERS (i) Computation of width of sampler mouth.
Rod Mill Discharge = 2400µm x 8 = 19200µm
Hydrocyclone Underflow = 2000µm x 8 = 16000µm
Hydrocyclone Overflow = 300µm x 30 = 9000µm
Ball Mill Discharge = 1300µm x 8 = 10400µm
(ii) Measured lengths of stream cross-sections
Hydrocyclone Underflow = 12cm
Hydrocyclone Overflow = 10cm
Ball Mill Discharge = 10cm
(iii) Estimation of Lengths of sampler mouths
The estimation of the lengths of sampler mouths was done on the basis of the measured lengths of stream crosssections. They were taken to be larger than the measured stream cross-sections to ensure that the entire stream was well accommodated and that no part of the stream was left outside the sample cutter mouth when the sample was being drawn. The estimated values were: Rod Mill Discharge = 26.0cm
Hydrocyclone Underflow = 27.0cm
Hydrocyclone Overflow = 28.0cm
Ball Mill Discharge = 26.0cm
(iv) Volume of samplers
The time taken to cut the sample was approximated by using the already designed samplers. Stream flowrates were approximately determined from previous mass balances. The volume of the samplers were determined using the following formula, The factor 1.5 is used to take into consideration the 50% volume greater than that of the sample to avoid overflowing. This shape of the sampler was chosen because the room left between the pulp discharging point and the walls of the sump box into which the stream was flowing was not large enough to provide the passage needed for cylindrical type of a cutter when drawing a sample for both the RMD and BMD sampling points. It was therefore adopted for all the streams.
Testing the Designed Samplers
After the samplers were successfully designed, they were then used to draw samples from which the parameters needed to carry out mass balance of the circuit using the JKSimMet Software were determined. 
Mass Balance
The parameters obtained from this testwork were used in the JKSimMet software to carry a full mass balance of the circuit. Table 2 below shows a typical tabulation of experimental and balanced data as obtained from JKSimMet.
It is seen from the table that, the data obtained is fairly consistent which confirms the validity of the designed samplers.
The comparison of experimental and balanced data is illustrated in figure 4 and can be seen to be fairly satisfactory. Figure 5 shows a simplified balanced milling circuit. 
EXP
CONCLUSION
The use of well designed samplers and appropriate sampling techniques for cutting samples from the process streams in the milling plant has been proved to be a reliable procedure.
The use of JKSimMet software to carry out Mass balancing has been seen as a very powerful tool. The designed samplers can be used to cut representative samples from which reliable information for modelling milling circuits can be obtained. To achieve this, useful parameters such as internal diameter and length, speed, discharge grate holes, % grate open area, Rod and Ball loads, Rod and Ball top size, total load filling and power drawn by the Mills must be established. The internal diameter and length of the cylindrical part, inlet diameter, vortex finder diameter, Spigot apex diameter cone angle of the hydrocyclone are also important parameters in the modelling of milling circuits. plant.
